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Abstract. The majority of cyclones passing over Crete in
late autumn to early winter originate from southwest, west
and northwest and are of varying size and intensity. A num-
ber of these cyclones cause ﬂash ﬂoods. The present study
reports the possible relationships between lighting activity
and high precipitation related to ﬂash ﬂood events. In this
study an attempt was made to correlate the lightning number
and location, recorded by the ZEUS lightning detection sys-
tem, with the rainfall characteristics for sixteen rain events
(4ﬂood and 12non-ﬂood events) on the island of Crete, dur-
ing the period 2008–2009. Spatiotemporal analysis of rain
and rain rate with ﬂash count was performed with respect to
distance (radius) of ﬂashes from raingauge location at vari-
ous temporal scales, in order to examine the correlation of
accumulated rainfall and lightning activity. The maximum
attainedstatistical signiﬁcantcorrelationwas obtainedwithin
a circular area of an average radius of 15km around the rain-
gauge, and an average time lag of ﬂash count prior precipita-
tion accumulation of 15min. The maximum correlation be-
tween the lightning and rainfall data is obtained for shorter
time lags for the ﬂood events (15min) than the non-ﬂood
events (25min), that could reﬂect the faster propagation of
ﬂood triggering storms due to high convective activity. Re-
sults show increased lightning activity occurring during ﬂood
triggering storms, by an average of four times higher. Fur-
thermore, there is evidence that the number of ﬂashes that
occur during a precipitation event is related to precipitation
depth when the latter is adequate to produce a ﬂood event.
Differences between ﬂood and non-ﬂood producing storms
need to be further assessed by analyzing more independent
parameters, including the synoptic conditions and dominant
ﬂash ﬂood hydrological generating processes.
1 Introduction
Flash ﬂoods are one of the most signiﬁcant natural hazards
in Europe and a cause of signiﬁcant loss of life and eco-
nomic damage (Gaume et al., 2009). Following droughts,
ﬂoods are the most dangerous meteorological hazards affect-
ing the Mediterranean countries, as the casualties and dam-
ages exceed 4500 deaths and 29million Euro, respectively,
according to a total of 185recorded ﬂood events between
1990 and 2006 (Llasat et al., 2010). Flash ﬂoods often affect
ungauged watersheds thus remaining a poorly documented
phenomenon (Gaume et al., 2009). Intense storm events are
the dominant ﬂash ﬂood triggering factor. These types of
ﬂoods can seldom be predicted and therefore any new evi-
dence regarding the occurrence of such events can be useful
for their mitigation (Koutroulis et al., 2010). Moreover, mul-
tilateral approaches reduce uncertainty in the event interpre-
tations (Koutroulis and Tsanis, 2010; Grillakis et al., 2010).
The examination of lightning activity during ﬂash ﬂood
events provides improved understanding of the complex
hydro-meteorological conditions. Precipitation and lightning
observation correlation research is in many cases motivated
by the hypothesis that precipitation estimates derived from
lightning observations can be used as a short-term predic-
tion system of intense precipitation. This is based on the fact
that lightning activity precedes the precipitation evolution,
which has been documented in previous studies, like Soula
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et al. (1998). Many studies have been conducted in order
to correlate the precipitation characteristics and the lightning
activity ﬂashes (Soula and Chauzy, 2001; Tapia et al., 1998;
Zhou et al., 2002; Kempf and Krider, 2003; Katsanos et al.,
2007; Pinedaet al., 2010). Tapia etal. (1998), analyzed light-
ning observations from 22 thunderstorms in Florida, con-
cluding that it is possible to derive estimates of precipitation
in space and time for heavy rainfall events. Their analysis
was based on a simple model to estimate convective rain-
fall from lightning observations. Soula and Chauzy (2001)
studied the correlation between lightning and rain activity on
four days of thunderstorm activity in France. They found the
overall spatial correlation between rain and lightning occur-
rence to be very consistent for all lightning types. Similar
results were obtained by Price and Federmesser (2006) in-
vestigating winter storms over central and eastern Mediter-
ranean. Soula et al. (1998) studied the 7 August 1996 ﬂash
ﬂood of the Rio Gallego, in Aragon that wiped out the Bi-
escas’ campground leaving more than 80human casualties,
and concluded that quantitative information of lightning ac-
tivity could provide additional information in terms of ﬂash-
ﬂood nowcasting and short-term forecasting in mountainous
areas. Barnolas et al. (2008) used raingauge, radar, GIS and
lightning data for the characterization of the 12–14 Septem-
ber 2006 ﬂash ﬂood event of Catalonia within a common
classiﬁcation framework. They concluded that the high light-
ning activity of the particular event has made it suitable to
study the relation between strikes and precipitation, ﬁnding
that the relation is improved with increased lightning activ-
ity. Michaelides et al. (2009) examined the relationship be-
tween lightning and rainfall for three depressions which af-
fected the area of Cyprus, based on a rectangular grid-box
methodology. This methodology has yielded poor coefﬁcient
of determination and negative slopes of the ﬁtted regression
lines. For this reason, the authors propose further exami-
nation between rainfall variables and lightning data within
a circle of varying radius around the station. Furthermore,
Michaelides et al. (2010) extended the rainfall-lightning re-
lationship identiﬁcation for nineteen rainy events in Cyprus,
adopting a spatio-temporal statistical methodology resulting
to improved correlations. In the frame of the EU funded
project FLASH, Harats et al. (2010) proposed lightning and
rain dynamic indices for use in short term forecasting of ﬂash
ﬂoods in the Mediterranean Region, concluding that intense
lightning activity might serve as a good predictor for ﬂash-
ﬂoods. The preliminary qualitative results support further
study in order to deﬁne quantitative thresholds for the devel-
oped indices, potentially serving as a future forecasting tool
when applied to the output of regional forecasting model.
The general conclusion of previous studies is that lightning
information can be successfully used for estimating precipi-
tation characteristics. However, the differences among stud-
ies’ results indicate the strong relationship of the correlation
to thunderstorm type, location, local climatology and con-
vective regime.
The present study aims to examine the correlation between
precipitation and lightning activity in the frame of ﬂash-ﬂood
nowcasting potential, through a spatio-temporal analysis of
sixteen ﬂood and non-ﬂood events that occurred on the island
of Crete during the 2008–2009 period.
2 Study area and datasets
The island of Crete occupies the southern part of the country
of Greece (Fig. 1). With an area of 8265km2, Crete covers
almost 6.3% of the area of Greece. The mean elevation is
482mrangingfromsealevelto2450mandtheaverageslope
228mkm−1 with the topography fracturing into small catch-
ments with ephemeral streams and karst geology. Crete has a
typical Mediterranean island environment, with about 40%
of the annual precipitation occurring in the winter months
while there is negligible rainfall during summer (Naoum and
Tsanis, 2004; Koutroulis and Tsanis, 2010). An extensive
analysis of the occurrence and seasonality of ﬂoods and their
hydrometeorologic characteristics in the island of Crete is re-
ported by Koutroulis et al. (2010).
High temporal resolution rainfall and lightning data were
obtained for sixteen intense rainfall events of the 2008-2009
period, listed in Table 1. Evidence of ﬂood occurrence for
four of the sixteen events was retrieved in collaboration with
the local Civil Protection Service Ofﬁce of Crete Region that
is responsible for recording the impact cost, the location, the
date and other information of the ﬂood events over Crete.
The rainfall data were provided from a network of twelve
high temporal resolution (10min.) meteorological stations
of the National Observatory of Athens (NOA), (Fig. 1). Fur-
thermore, lightning data was recorded from the ZEUS sys-
tem and was provided by NOA (Kotroni and Lagouvardos,
2008; Lagouvardos et al., 2009). The ZEUS lightning sys-
tem is a modern, low-cost experimental long-range light-
ning detection system based on a network of six “sferics”
receivers deployed in Europe, providing a very good cov-
erage of the Eastern Mediterranean. More precisely, ZEUS
network detection efﬁciency and location error has been as-
sessed in comparison with the LINET network over Central-
Western Europe where this latter network presents its highest
data quality. The location error of ZEUS was calculated to
be ∼6.8km, while the detection efﬁciency was ∼25%, com-
pared to LINET with a characteristic under-detection dur-
ing night-time (Lagouvardos et al., 2009). No assessment of
ZEUS network has been performed over the study area due to
the lack of a high density lightning detection network in the
area. ZEUS is capable of detecting not only cloud-to-ground
but also to a small degree the intra-cloud strokes. The system
does not permit to distinguish the detected ﬂashes and thus
the total detected number has been used for this study.
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Fig. 1. (a) Location of Crete Island and meteorological stations of National Observatory of Athens (NOA), (b) optimum radius, (c) optimum
time-lag and (d) attained r2 , according to Table 2 results.
3 Methodology
Lagged relationships between two variables are common in
natural physical systems. Lagged correlation refers to the
correlation between two time series shifted in time relative
to one another. Lagged correlation is important in studying
the relationship between time series, because one series may
have a delayed response to the other series. A correlation
between the two series properly aligned in time may be inad-
equate to characterize the relationship in such situations. The
analysis of the correlation between precipitation and ﬂash
count was based on a multi-spatiotemporal approach. For
a speciﬁc precipitation event on a speciﬁc meteorological
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Table 1. List of intense precipitation events selected for analysis and corresponding event characteristics (duration, value and location of
maximum recorded accumulated precipitation, value and location of maximum 10min precipitation, value and location of maximum 10min
rain rate and location). Flood events marked in bold.
Event Start End Duration Max event scale Location Max precipitation Location
(h) accumulated (station) 10min (mm) (station)
precipitation (mm) time step
1 24/1/2008 07:00 25/1/2008 02:00 19 45.6 Vrisses 8.4 Chania
2 8/2/2008 00:00 8/2/2008 21:00 21 44.8 Paleochora 4.6 Paleochora
3 20/9/2008 11:00 21/9/2008 02:00 15 35.4 Samaria 9.6 Paleochora
4 22/9/2008 02:00 22/9/2008 19:00 17 17.8 Spili 6.0 Spili
5 22/11/2008 00:00 22/11/2008 15:00 15 73.8 Ierapetra 12.4 Fragma
6 21/12/2008 16:00 23/12/2008 08:00 40 147.4 Tzermiado 5.2 Spili
7 27/12/2008 21:00 28/12/2008 13:00 16 22.6 Tzermiado 3.4 Rethimno
8 25/1/2009 06:00 26/1/2009 00:00 18 64.0 Samaria 6.4 Samaria
9 12/2/2009 13:00 13/2/2009 23:50 53 104.8 Samaria 3.8 Samaria
10 4/4/2009 15:00 5/4/2009 15:00 24 36.6 Paleochora 3.4 Heraclio Port
11 11/9/2009 02:00 11/9/2009 14:00 12 49.0 Tzermiado 7.0 Ierapetra
12 24/10/2009 06:00 25/10/2009 00:00 18 100.0 Vrisses 14.8 Vrisses
13 25/10/2009 02:00 26/10/2009 00:00 22 147.6 Tzermiado 13.2 Tzermiado
14 8/11/2009 00:00 8/11/2009 09:00 9 50.8 Heraclio 15.2 Heraclio
15 2/12/2009 00:00 3/12/2009 00:00 24 78.6 Samaria 11.0 Spili
16 10/12/2009 13:00 11/12/2009 22:00 33 99.4 Samaria 5.6 Rethimno
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Fig. 2. Graphical representation of the methodology for a speciﬁc meteorological station, event and effective radius.
station, the number of ﬂashes within a circular area of ra-
dius R (with the station at its center) and the total precipi-
tation height for an hourly timeframe was considered. The
hourly timeframe was “moving” in a ten minute step syn-
chronously over the precipitation and ﬂash count time series,
producing two vectors of data from which coefﬁcient of de-
termination was estimated. The hourly timeframe used for
the ﬂash count was also shifted 10, 20, 30, 40, 50 and 60
(time lag – TL) minutes prior the precipitation timeframe,
in order to examine the potential of higher correlation be-
tween precipitation over a station and past timeframe ﬂash
count. The radius R varied between 5km and 50km in a
5km step. Figure 2 shows a graphical representation of the
methodology for a speciﬁc meteorological station, event and
effective radius. The procedure was applied for 16events
over 12meteorological stations. The correlation between the
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Fig. 3. Example of coefﬁcient of determination for variable radius
and time lag between ﬂash count and precipitation timeframe for
Chania precipitation station for event 1 (Table 1).
number of ﬂashes and the precipitation was estimated using
thesquaredPearsoncoefﬁcientofdeterminationr2. Thecase
of rain without any lightening, or vice versa, was included in
the analysis. The methodology does not use threshold values
to exclude the possibility of both zero rainfall and zero ﬂash
count within the total period of a storm event. This constrain
could lead to enhanced determination of coefﬁcients and is
a subject of future work. Figure 3 presents an example of
the results obtained for Chania station for event 1 (Table 1).
Correlation results were tested for its statistical signiﬁcance
at a 95% conﬁdence level.
4 Results and discussion
For each station, the average coefﬁcient of determination (r2)
between the 16events was estimated for the same variable
radius R and variable time-lag (TL). The optimum radius R
and time-lag (TL) for each station obtained (in terms of cor-
relation) is presented in Table 2. Among all stations, the av-
erage r2 ranged between 0.19 and 0.48 with a mean value of
0.31, for an optimum R ranging from 5km to 45km with a
mean of 15km, and TL of ﬂash count prior precipitation ac-
cumulation from 0 to 40min with an average of 15min (Ta-
ble 2). Results of upper and lower bounds of coefﬁcients of
determination were attained at 95% signiﬁcance level (s.l.)
and percentage of the statistically signiﬁcant events for each
station among the 16 analysed events. The average upper
bound of r2 at 95% s.l. estimated at 0.39, ranging from 0.23
to 0.57, while the average lower bound of r2 ranged between
0.07and0.38withameanof0.20. Correlationsarestatistical
signiﬁcant for 90% of the events, at the selected signiﬁcance
level. Some stations exhibit a more signiﬁcant correlation
than others but the overall correlation performance in terms
of statistical signiﬁcance is high. Figure 1 illustrates spa-
tially the attained r2 (Fig. 1d), corresponding to the optimum
R (Fig. 1b) and the optimum TL (Fig. 1c) for each station
over the study area of Crete.
The linear correlation between the ﬂash count and the pre-
cipitation for all the events and meteorological stations was
found to vary between almost 0 and 0.97 with a mean value
of 0.33. Among the sixteen analysed storm events, four of
them triggered medium to severe ﬂoods in several areas of
Crete (Table 1). Linear regression for all events over each
station was considered for the optimum R and TL values.
Figure 4 presents the regression lines of maximum attained
coefﬁcient of determination at speciﬁc radius and time lag
per station for the sixteen events. It was found that for 9 out
of 12stations, the regression line with the higher slope corre-
sponds to a ﬂood event occurring in Crete, denoting a general
regime of high lightning activity associated with a ﬂood oc-
currence. For sevenevents thesecond steeper regression line,
also corresponded to a ﬂood event. Moreover, for 11stations,
either the ﬁrst or the second steeper regression line corre-
sponds to a ﬂood event. There is a clear indication that the
number of ﬂashes that occur during a precipitation event is
related to precipitation depth when the latter is adequate to
produce a ﬂood event. Further analysis shows that there is
no signiﬁcant trend between coefﬁcient of determination and
station location or elevation of each meteorological station.
Figure 5 presents the maximum attained coefﬁcient of de-
termination at speciﬁc radius and time lag per station for
the sixteen events. There is no clear difference of the value
of coefﬁcient of determination among ﬂood and non-ﬂood
events. Somestationsexhibitclearlyhighercorrelation(Cha-
nia, Vrisses, Rethinmo) than others (Fragma, Spili), possibly
due to the local nature of the phenomenon. The maximum
correlationbetweenthelightningandrainfalldataisobtained
for shorter time lags for the ﬂood events (15min) than the
non-ﬂood events (25min). This result could reﬂect the faster
propagation speed (movement) of violent ﬂood triggering
thunderstorms due to high convective activity and related to
the shorter lifetime of the storm cells. Furthermore, there is a
clear difference of the effective radius among ﬂood and non-
ﬂood events. The average radius of the corresponding max-
imum attained correlation for ﬂood events is shorter when
compared with non-ﬂood events. These results are in agree-
ment with those of Michaelides et al. (2010), who found that
the majority of frontal events show high values of the coef-
ﬁcient of determination for the 15 km radius and could be
connected to the size (horizontal dimensions) of the cumu-
lonimbus cloud under different conditions.
Focusing on the ﬂood triggering storms, Fig. 6 presents
the spatial distribution of the maximum attained coefﬁcient
of determination at speciﬁc radius and time lag for the four
ﬂood events. The average of the maximum coefﬁcient of
determination from all the stations and for the four ﬂood
events is 0.41 ranging from 0 to 0.90. Table 3 includes the
average of the coefﬁcients of linear regression (slope a and
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Table 2. Average coefﬁcient of determination for the optimum combination of time lag and radius, average upper and lower bounds of
coefﬁcients of determination attained at 95% signiﬁcance level (s.l.), number of gauged and number of the statistically signiﬁcant events
among the 16 analysed events, the average P-value of statistically signiﬁcant events, and average number of samples (N) used to derive
correlations per gauging station per event. The location of the stations is presented in Fig. 1a., the optimum radius in Fig. 1b., the optimum
time-lag in Fig. 1c. and the attained r2 in Fig. 1d.
Station Elevation Time lag Radius r2 r2 Lower bound r2 Lower bound Number of Number of Average P Average N per
(m) [min] [km] at 95% s.l. at 95% s.l. gauged signiﬁcant value of signiﬁcant gauging Station
events event events per event
Anogia 801 10 20 0.24 0.19 0.31 14 13 2.85E-04 101
Chania 137 30 10 0.34 0.25 0.43 16 15 1.35E-03 116
Fragma 240 0 5 0.35 0.24 0.46 11 11 1.65E-07 84
Heraclio Port 10 10 5 0.48 0.38 0.57 12 11 2.68E-03 81
Heraclio 115 0 15 0.30 0.22 0.39 16 15 3.98E-03 116
Ierapetra 5 20 10 0.28 0.27 0.34 8 6 6.06E-05 49
Paleochora 3 30 45 0.22 0.16 0.32 15 14 3.00E-03 112
Rethimno 39 20 15 0.31 0.13 0.40 16 14 6.06E-08 108
Samaria 1250 0 15 0.32 0.15 0.38 14 14 6.42E-04 107
Spili 405 40 10 0.19 0.07 0.23 15 11 1.37E-03 94
Tzermiado 820 10 15 0.30 0.10 0.38 13 10 1.44E-03 83
Vrisses 58 10 20 0.41 0.18 0.47 16 16 4.06E-03 122
Average 323 15 15 0.31 0.20 0.39 13.8 12.5 1.57E-03 98
Table 3. Average coefﬁcients, slope (a) and intercept (b) of linear regression (y = a ·x +b) and average ﬂash count rate for all ﬂood and
non-ﬂood events for each station.
Average regression coefﬁcients Average ﬂash Average ﬂash
count rate count rate
for all for all
ﬂood non-ﬂood
events events
a (slope) [ﬂash countmm−1] b (intercept) [ﬂash counth−1]
for all ﬂood events for all non-ﬂood events for all ﬂood events for all non-ﬂood events
Anogia 1.36 0.10 0.00 0.00 68 5
Chania 0.47 0.12 0.00 0.00 23 7
Fragma 0.43 0.04 0.16 0.00 22 2
Heraclio Port 0.02 0.01 0.00 0.00 1 1
Heraclio 1.24 0.11 0.93 0.02 63 6
Ierapetra −0.01 0.07 0.00 0.00 0 4
Paleochora 5.51 2.39 0.00 0.00 275 129
Rethimno 2.07 0.28 0.00 0.00 103 14
Samaria 0.84 0.16 −0.39 −0.04 42 8
Spili 0.38 0.07 0.00 0.00 19 3
Tzermiado 0.97 0.08 0.00 0.00 49 4
Vrisses 1.46 0.51 0.00 0.00 73 25
Average for all stations 1.23 0.33 0.06 0.00 62 17
intercept b) for all ﬂood and non-ﬂood events for each sta-
tion. There is a clear difference between the coefﬁcients and
especially for slope (a) of ﬂood and non-ﬂood events. The
higher values of slope a and intercept b coefﬁcients corre-
spond to ﬂood events as a result of increased lightning activ-
ity during their occurrence. A robust signal of higher ﬂash
count during ﬂood events compared with non-ﬂood events is
apparent for all raingauges. During ﬂood events an average
lightning rate of 62 ﬂashes per hour (Table 3) are recorded
within the optimum radius of inﬂuence, corresponding to the
maximum attained correlation while for the non-ﬂood events
ﬂash rate is limited to an average of 17 per hour. Some sta-
tions exhibit an increased lightning activity even for non-
ﬂood events (Fig. 4), for example Paleochora station at the
southwest part of the island, possibly attributed to local geo-
graphical effects. More speciﬁcally the results at event scale
for the ﬂood events are presented as follows:
a. The late autumn event of 22/11/2008 (Table 1: event
#5) with an overall duration of 17 hours affected
mainly the eastern and central part of the island of
Crete, causing extensive damages to properties and
infrastructure. The maximum attained coefﬁcient of
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Fig. 4. Regression lines of maximum attained coefﬁcient of determination at speciﬁc radius and time lag per station for the sixteen events.
Non ﬂood events marked in grey and ﬂood events are marked in colour.
determination (Fig. 6) for the speciﬁc event ranges
from station to station with a mean of 0.61±0.27 for
an optimum radius of 28±15km and an optimum time
lag of 12±10min.
b. The early winter event of 21–23/12/2008 (Table 1:
event #6), with an overall duration of 40h, produced
high precipitation accumulations all-over the island of
Crete. The maximum attained coefﬁcient of determi-
nation (Fig. 6) from all stations, for this event, has a
lower mean of 0.32±0.18 for larger optimum radius of
35±15km and a shorter optimum time lag of 5±5min,
when compared with event 5.
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Fig. 5. Maximum attained coefﬁcient of determination at speciﬁc radius and time lag per station for the sixteen events. The size of the bubble
represents the correlation coefﬁcient. Non ﬂood events marked in grey and ﬂood events are marked in colour (red=event 5, green=event 6,
blue=event 10, orange=event 13).
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Fig. 6. Maximum attained coefﬁcient of determination (1st column) at speciﬁc radius (2nd column) and time lag (3rd column) per station
for the four ﬂood events.
c. The spring event of 4–5/4/2009 (Table 1: event #10),
had an overall duration of 24h, impacted mainly the
western and southern part of Crete. The maximum
attained coefﬁcient of determination (Fig. 6) from all
stations, for this event, has a mean of 0.30±0.20 for
an optimum radius of 30±15km and an optimum time
lag of 20±20min.
d. The mid-autumn event of 25–26/10/2009 (Table 1:
event #13) lasted about 22h, affecting the eastern and
central part of the island. The maximum attained coefﬁ-
cient of determination (Fig. 6) has a mean of 0.41±0.24
for an optimum radius of 25±15km and an optimum
time lag of 25±18min.
5 Conclusions
The present study explores possible relationships between
lightning activity, intense precipitation and ﬂash ﬂooding on
the island of Crete. A preliminary attempt is made to inves-
tigate differences of these relationships between ﬂood and
non-ﬂood producing storms. Study results were based on
rainfall and lightning data provided from the National Ob-
servatory of Athens for sixteen intense rainfall events of the
period 2008–2009. Four of these events were reported as
ﬂood events affecting several locations of the study area.
The conclusions of this study are subject to limitations re-
garding the used datasets and the methodology: (a) the de-
tection efﬁciency of the lightning detection system used in
this study, like all long-range networks, is far from being
100%; (b) the density of the raingauges is rather low and
therefore the data may not represent the area integrated rain-
fall; (c) a calculation constraint for the curve ﬁtting and the
determination coefﬁcient is presented in the case of a time
period of low or zero values for the rainfall and lightning
ﬂashes. This could lead to slightly enhanced correlation that
could be avoided with the use of threshold values, and will be
subject of future work. Thus, the results summarised in the
following are considered as indicative. Moreover, the clas-
siﬁcation of four out of sixteen events as ﬂoods is based on
ﬂood reports, as the local measurement of a gauging station
could miss the large values of rainfall rate associated with a
ﬂood event which could be very local. However, this deﬁni-
tion of the ﬂood events does not take into account the storm
characteristics necessary to produce a ﬂood, i.e. when large
amounts of rainfall occur over areas unfavourable to a ﬂood.
We can reasonably suppose the lightning activity is better re-
lated to the rainfall than to the local conditions favourable
or not to a ﬂood. So, the relationship between ﬂash count
and rainfall (Table 3 and Fig. 4) depends a lot on the storm
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location from the rainfall station. For example a storm that
crosses the gauge sites could be in its mature or dissipating
stage and precipitation could practically cease. This particu-
lar storm could have produced high amount of rainfall trig-
gering a ﬂood in a distant location from the gauge sites, lead-
ing to underestimation of lightning-rainfall correlation esti-
mates. Furthermore, one of the points that need further in-
vestigation is if the value of the slope (a) of the relationship
is more representative of the spatial correspondence between
the rainfall and the station, or if it is really indicative of a
different behaviour in terms of lightning activity for a storm
producing a ﬂood.
The analysis of the correlation between precipitation and
ﬂash count was based on a multi-spatiotemporal approach of
variable effective radius and time lag. The methodology con-
sists in associating cumulative rainfall from a raingauge with
the lightning ﬂash count, calculated in various circular areas
around it and during time intervals variously lagged before
the rain measurement. The linear correlation between the
ﬂash count and the precipitation for all the events and me-
teorological stations was found to vary between 0 and 0.97
with a mean value of 0.33. Correlations were statistical sig-
niﬁcant for the 90% of the events, at the 95% signiﬁcance
level. The increased value of the regression coefﬁcients cor-
responding to ﬂood events is a result of increased lightning
activity during these events by an average factor of four times
more ﬂashes. This higher lightning activity could be associ-
ated with intense thunderstorms at its maximum vertical de-
velopment stage. Milder lightning activity could be linked to
less intense storms or storms after the dissipating stage, dom-
inated by light to moderate stratiform rainfall and little light-
ning. The maximum correlation between the lightning and
rainfall data is obtained for shorter time lags for the ﬂood
events (15min) than the non-ﬂood events (25min), which
could reﬂect the higher convective activity and the faster
propagation speed of more intense thunderstorms. Some sta-
tions exhibit an increased lightning activity even for non-
ﬂood events, which is possibly attributed to local geograph-
ical effects, that deserves a further detailed study of local
thunder cell activity. The high variability of the results (op-
timum correlated radius and time-lag) could be an indication
that the analysed cases should be further classiﬁed on more
speciﬁc criteria such as convection type. After further inves-
tigation of relationships between lightning and rainfall, site
speciﬁc thresholds could be determined that could contribute
to ﬂood nowcasting. Increased lightning activity observed
during studied ﬂood events and associated with high rainfall
rates (Fig. 4 and Table 3) is characterized by a higher slope
(a) compared to non-ﬂood event and that information could
be used as a warning threshold.
Flood occurrence, in addition to the meteorological con-
ditions that contribute to the activation of the phenomenon,
depends on many other factors such as, topography and soil,
hydrological and soil moisture regimes, and human interven-
tions on ﬂoodways and natural channels. Consequently, a
ﬂood event may occur in a ﬂood prone area under the inﬂu-
ence of milder weather conditions than in less ﬂood “sensi-
tive” area. For the present study the discrimination among
ﬂood and non-ﬂood events was based on ﬂood facts and re-
ports in cooperation with local authorities. To differentiate
between ﬂood and non-ﬂood producing storms, one needs to
analyze more parameters including synoptic conditions, ther-
modynamiccriterialikeinstabilityandmoisturesupply, local
climatic characteristics and dominant ﬂash ﬂood hydrologi-
cal generating processes. The uncertainty will be reduced
andquantiﬁcativeresultscanbeprovidedonshorttermalarm
warnings. The events analyzed in this study with additional
events for the period 2010–2011 will be the subject of fu-
ture research in light of a more holistic approach focusing on
ﬂood triggering mechanisms.
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